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The dissociation of energy-selected CH3CFCl2+ to form CH3CFCl+ was studied with a molecular-beam/
threshold-photoelectron-photoion-coincidence system using synchrotron radiation for ionization. Maximal
releases of kinetic energy in the channel CH3CFCl+ + Cl at five photon energies were determined from
half-widths of CH3CFCl+ time-of-flight peaks in coincidence mass spectra. A thermochemical threshold for
this channel was determined to be 11.10( 0.09 eV after taking kinetic energy releases into account. With
this threshold and heats of formation of Cl and CH3CFCl2, we derived∆fH°0(CH3CFCl+) ) 149.0( 2.1 kcal
mol-1. Ab initio calculations were also performed to predict heats of formation of CH3CFCl2, CH3CFCl, and
their corresponding cations. Our experimental results agree satisfactorily with calculations. On the basis of
experimental and theoretical results, we construct an energy diagram for dissociative photoionization of CH3-
CFCl2 to form CH3CFCl+ + Cl.

1. Introduction

CH3CFCl2 (HCFC-141b) is used widely to replace CFCl3

(CFC-11) and CFCl2CF2Cl (CFC-113) in industrial applica-
tions.1,2 With increased concern over its impact on atmospheric
chemistry, investigations on CH3CFCl2 become important. There
are numerous reports on ultraviolet (UV) absorption cross
sections3-5 and photodissociation of CH3CFCl2,6,7 as well as
reaction kinetics of CH3CFCl2 with OH,3,8-10 O(1D),11 and
Cl,12-16 but little is known about thermochemical properties of
CH3CFCl2 and its related photoproducts, despite their impor-
tance in relation to the chemical reactivity of CH3CFCl2.

We measured the threshold photoelectron spectrum (TPES)
and photoionization mass spectra (PIMS) of CH3CFCl2.17

Valence ionic states were assigned on comparison of experi-
mental vertical ionization energies in the TPES with theoretically
predicted values. Three major fragments, CH3CFCl+, CH2CCl+,
and CH2CF+, were observed in the PIMS experiment; their
respective appearance energies (AE) were determined from the
onsets of the photoionization efficiency curves. The parent ion
CH3CFCl2+ is absent. The AE value of 11.33( 0.02 eV for
production of CH3CFCl+ is nearly identical to the nominal
ionization threshold of 11.28( 0.02 eV for CH3CFCl2 in the
TPES. Lack of parent ion and an onset for production of CH3-
CFCl+ similar to that for ionization of CH3CFCl2 imply that
an unstable CH3CFCl2+ dissociates to form CH3CFCl+. More-

over, substantial kinetic energy is expected to be released on
the dissociative photoionization process.

Kinetic energy released after dissociative photoionization is
not taken into account in determination of AE from PIMS
experiments; the resulting AE thus represents an upper limit.18,19

Heats of formation reported previously17 for three major
fragments observed after photoionization of CH3CFCl2 suffer
from such uncertainty. In analysis of threshold photoelectron
photoion coincidence (TPEPICO) spectra, we can take release
of kinetic energy into account and thereby determine accurate
AE of dissociative photoionization channels.20-22 Recently,
Evans et al.22 directly determined a thermochemical threshold
on dissociative photoionization in the process SF6 + hν f SF5

+

+ F + e- with high-resolution TPEPICO, and they reported an
accurate value of∆fH°0(SF5

+) that is consistent with theoretical
predictions.23,24Lack of SF6

+ upon photoionization of SF6 is a
behavior similar to that of CH3CFCl2.

In our investigation of dissociative photoionization of CH3-
CFCl2, TPEPICO mass spectra of CH3CFCl2 were recorded at
various photon energies near the appearance onset of CH3CFCl+.
We determined a thermochemical threshold for the dissociative
photoionization channel CH3CFCl+ + Cl to derive ∆fH°0
(CH3CFCl+) and a maximal release of kinetic energy at the
appearance onset of CH3CFCl+. We also performed ab initio
calculations to predict enthalpy changes of three isodesmic
reactions, ionization energies of CH3CFCl2 and CH3CFCl, and
accordingly predicted heats of formation of CH3CFCl2, CH3-
CFCl, and their corresponding cations. On the basis of experi-

* Corresponding author. Tel: (886)3-578-0281, ext. 7315. Fax: (886)3-
578-9816. E-mail: schiang@srrc.gov.tw.

1226 J. Phys. Chem. A2001,105,1226-1231

10.1021/jp002823g CCC: $20.00 © 2001 American Chemical Society
Published on Web 02/06/2001



mental and theoretical results, we discuss the CH3CFCl+ + Cl
channel in photoionization of CH3CFCl2.

2. Experiment and Calculations

2.1. Experiment.Coincidence measurements were performed
with a molecular-beam/threshold-photoelectron-photoion-coin-
cidence (MB/TPEPICO) apparatus, described in detail else-
where.25 In brief, synchrotron radiation from the 1.5 GeV
electron storage ring at the Synchrotron Radiation Research
Center (SRRC) in Taiwan is dispersed with a 1 mSeya-Namioka
monochromator having a 1200 lines/mm grating to cover an
energy range of 11-12 eV. A resolution of∼0.02 eV and a
photon flux of >109 photons s-1 were achieved when both
entrance and exit slits were set at 0.1 mm. Absolute photon
energies were calibrated to within( 0.003 eV on measurement
of well-characterized Rydberg peaks in the TPES spectra of Ar
and Kr.

In the ionization chamber, the monochromatic vacuum
ultraviolet (VUV) radiation intersected perpendicularly with a
molecular beam, formed on expanding a CH3CFCl2/He mixture
through a nozzle and two skimmers. The total stagnation
pressure was∼290 Torr, with a seed ratio of∼10%. A threshold
photoelectron spectrometer and a time-of-flight (TOF) mass
spectrometer of Wiley-McLaren type were mounted in opposite
directions to measure threshold electrons and ions, respectively;
dual microchannel plates served as detectors in both spectrom-
eters. Axes of both spectrometers were perpendicular to those
of molecular and photon beams. To improve instrumental
resolutions and efficiency of ion collection, a pulsed field of
40 V cm-1 with a duration of 30µs was applied to extract ions
whereas electrons were accelerated with a dc field of 1.64 V
cm-1 before detection.

Signals of detected threshold electrons and ions were fed into
a time-to-digital converter (TDC) to record flight durations of
ions that were detected within 30µs of each cycle triggered
with a threshold electron. TOF distributions of ions in coinci-
dence with triggering threshold electrons were obtained after
(5-15) × 105 cycles depending on coincident ion counts.
Because synchrotron radiation was operated at a repetition rate
of ∼500 MHz, each measured coincidence spectrum has a large
contribution from uncorrelated ions piling up in the interaction
region. To eliminate such a contribution, a second coincidence
spectrum triggered with a signal generated randomly relative
to the preceding threshold electron signal was accumulated
following each threshold electron-triggered coincidence cycle.
Subtraction of the randomly generated coincidence spectrum
from the electron-triggered coincidence spectrum yielded a true
coincidence spectrum. All data acquisition was controlled with
a computer via CAMAC interface, and output from the TDC
converter was transferred to the computer for further processing.

CH3CFCl2 (Darkin Corp., 99.9%) was degassed with several
freeze-pump-thaw cycles before use. Helium (>99.999%),
krypton (>99.99%), and argon (>99.99%) were used without
further purification.

2.2. Theoretical Calculations. We calculated ionization
energies of CH3CFCl2 and CH3CFCl and enthalpy changes of
isodesmic reactions related to formation of these two molecules
with the GAUSSIAN 98 program.26 The equilibrium structures
were fully optimized using Schegel’s analytical gradient method27

with a B3LYP density functional28,29 which is a combination
of Slater exchange, Becke exchange,30 and Lee-Yang-Parr
(LYP) correlation functionals.31 Standard basis sets 6-31+G-
(d) and aug-cc-pVTZ,32 a Dunning’s correlation-consistent
polarized valence triple-ú basis set augmented with s, p, d, and

f diffuse functions, were used in all structural optimization and
calculations of vibrational frequencies.

The G3B3 theory33 is based on B3LYP/6-31G(d) geometry
and zero-point energies scaled by 0.96. All other steps remain
the same as G3 theory except values of higher-level correction
parameters,A ) 6.760 mhartree,B ) 3.233 mhartree,C ) 6.786
mhartree, andD ) 1.269 mhartree. This G3B3 theory was used
to calculate the ionization energy and to predict the heat of
formation of CH3CFCl2 and CH3CFCl via isodesmic reactions
in which the types and number of bonds are the same for
products and reactants.

3. Results and Discussion

3.1. Coincidence TOF Spectra for CH3CFCl+. Coincidence
TOF spectra for helium, argon, and krypton excited at photon
energies near their ionization thresholds were recorded to
calibrate ion flight times and to verify the effect of kinetic energy
release on TOF bandwidths upon dissociation. A coincidence
spectrum of krypton excited at 14.0 eV is shown in Figure 1;
five TOF peaks correspond to krypton isotopes atm/z ) 80,
82, 83, 84, and 86. Each peak in this coincidence spectrum was
fitted to a Gaussian profile with a full width at half-maximum
(fwhm) of ∼12 ns, indicating a small transverse velocity of the
skimmed molecular beam along the detection axis. Observed
flight times of 3218 (He+), 9689 (Ar+), 13610 (80Kr+), 13776
(82Kr+), 13859 (83Kr+), 13941 (84Kr+), and 14103 ns (86Kr+)
were fitted to an equation

in whichT0 is ion flight time in ns. Flight times calculated with
eq 1 agree within 1 ns of experimental values.

Coincidence TOF spectra of CH3CFCl2 excited above ap-
pearance onset of CH3CFCl+ at 11.33 eV were recorded at
photon energies of 11.42, 11.52, 11.62, 11.72, and 11.82 eV
with 1 ns resolution and corrected for false coincidence
background. Corrected coincidence spectra in the region of
having ion coincident counts obtained after excitation of CH3-
CFCl2 at photon energies of 11.52, 11.62, and 11.72 eV are
shown in Figure 2a-c; all spectra are normalized to an observed
maximal intensity. All spectra consist of two partially overlap-
ping, symmetrically broadened, and nearly flat-topped TOF
peaks. The intensity ratios of these two TOF peaks are near the
35Cl/37Cl isotopic ratio of∼3, and their respective fwhm are
greater than 150 ns. We assigned these two TOF peaks as CH3-

Figure 1. Coincidence TOF spectrum of Kr excited at photon energy
14.0 eV.

T0 ) 1496.5 (m/z)1/2 + 225.3 (1)
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CF35Cl+ (m/z ) 81) and CH3CF37Cl+ (m/z ) 83) on the basis
of observed flight times and their intensity ratio.

3.2. Thermochemistry of the CH3CFCl+ + Cl Channel.
The maximal releases of kinetic energy with respect to the center
of mass (KECM) of CH3CFCl+ were derived from forward half-
widths of CH3CF35Cl+ TOF peaks and backward half-widths
of CH3CF37Cl+ TOF peaks in the coincidence spectra measured
at five photon energies. The full width of a TOF peak
corresponds to the turnaround period of the most energetic ion
moving away from the TOF ion detector; the analysis of half-
widths is required due to overlapping CH3CF35Cl+ and CH3-
CF37Cl+ TOF peaks. We calculatedT0 ) 13694 and 13859 ns
from eq 1 for CH3CF35Cl+ and CH3CF37Cl+; half-widths of
CH3CF35Cl+ and CH3CF37Cl+ TOF peaks subsequently yield
KECM for CH3CFCl+ and total kinetic energy releases (KET)
for a channel of formation of CH3CFCl+ according to the
following equations:

in which MCH3CFCl ) 81 or 83 g mol-1, ∆t is the half-width of
the corresponding TOF peak,q is the charge of CH3CFCl+,
andV ) 41.64 V cm-1 is the electric field, and

in which MCH3CFCl2 ) 116 or 118 or 120, andMCl ) 35 or 37
g mol-1.

We assume that bond energies and rates of bond breaking of
C-35Cl and C-37Cl are the same as those in the calculations

of KET, although formation of CH3CF35Cl+ is due to loss of
35Cl from CH3CF35Cl35Cl+ and loss of 37Cl from CH3-
CF35Cl37Cl+. Because CH3CF35Cl+ TOF peaks originating from
such an isotopic effect are unresolved, KET for losses of35Cl
and37Cl at one-photon energy were calculated from eq 3, and
their average value was adopted for formation of CH3CF35Cl+.
The uncertainty of this treatment, less than 0.02 eV, is smaller
than that of 0.09 eV from determination of half-widths of CH3-
CF35Cl+ TOF peaks. The CH3CF37Cl+ TOF peaks resulting from
loss of35Cl from CH3CF35Cl37Cl+ and loss of37Cl from CH3-
CF37Cl37Cl+ were analyzed in a similar way. The determined
half-widths for TOF peaks of CH3CF35Cl+ and CH3CF37Cl+,
and corresponding KET derived at five photon energies, are listed
in Table 1.

AE values for the CH3CFCl+ + Cl channel at five photon
energies were determined by subtracting corresponding KET

from photon energy; they are also listed in Table 1. An average
value of 11.10( 0.09 eV is derived for the CH3CF35Cl+ +
35Cl/37Cl channel, whereas a value of 11.13( 0.16 eV is derived
for the CH3CF37Cl+ + 35Cl/37Cl channel. Listed errors are
mainly due to uncertainties on determination of half-widths. The
values of AE for both channels agree satisfactorily, except that
the determined AE from the latter channel suffers from large
errors because of small CH3CF37Cl+ signals. Thus, we adopted
AE ) 11.10( 0.09 eV. The AE is the thermochemical threshold
of the CH3CFCl+ + Cl channel if no reverse barrier exists for
this process; accordingly KET ) 0.23 eV at the appearance onset
of CH3CFCl+ was derived on subtraction of the determined AE
from the appearance onset of 11.33 eV of CH3CFCl+ determined
in a PIMS experiment.17

The determined AE relates the heats of formation of
CH3CFCl+, Cl, and CH3CFCl2:

in which ∆fH°0 is the heat of formation at 0 K and Eint is
the average internal energy of CH3CFCl2. Thus, to derive
∆fH°0(CH3CFCl+) from eq 4 with the determined AE value,
∆fH°0(Cl) and ∆fH°0(CH3CFCl2) are required.Eint is neglected
because CH3CFCl2 is cooled in the molecular beam. A literature
value for ∆fH°0(Cl) is 28.6 kcal mol-1.34 Although an experi-
mental value for∆fH°0(CH3CFCl2) is unavailable, we estimate
it by interpolation with a nonlinear fit of literature values of
∆fH°298 for CH3CCl3, CH3CF2Cl, and CH3CF3. Values of
∆fH°298 for CH3CCl3, CH3CF2Cl, and CH3CF3 are -34.54,
-128.09, and-178.86 kcal mol-1, respectively;34 an estimated
∆fH°298(CH3CFCl2) is -80.1 kcal mol-1. We tested this
method for analogous compounds in two series, CHFxCl3-x and
CFxCl3-x (x ) 0-3),35 and found the variation between literature
and fitted values to be less than 0.16 kcal mol-1. Hence,
∆fH°0(CH3CFCl2) ) -78.4 kcal mol-1 was derived after
correction of ∆fH°298(CH3CFCl2) using experimental vibra-
tional frequencies of 3028, 3012, 2954, 1442, 1442, 1385, 1159,
1119, 1092, 926, 750, 591, 432, 398, 380, 291, 262, and 248
cm-1 for CH3CFCl2.36 Accordingly, ∆fH°0(CH3CFCl+) )
149.0( 2.1 kcal mol-1 was derived from eq 4.

3.3. Theoretical Predictions. We employed theoretical
calculations with the G3B3 method to derive∆fH°0 for CH3-
CFCl2, CH3CFCl, and their corresponding cations. Structures
of CH3CFCl2, CH3CFCl2+, CH3CFCl, and CH3CFCl+ optimized
with B3LYP method are shown in Figure 3. Results using the
aug-cc-pVTZ basis set are listed, whereas those using the
6-31+G(d) basis set are listed in parentheses for comparison.

Figure 2. Coincidence TOF spectra of CH3CFCl2 excited at photon
energies (a) 11.52, (b) 11.62, and (c) 11.72 eV.

KECM(CH3CFCl+) ) [1/(2MCH3CFCl)](∆tqV)2 (2)

KET ) KECM(CH3CFCl+)(MCH3CFCl2
/MCl) (3)

AE ) ∆fH°0(CH3CFCl+) + ∆fH°0(Cl) -
∆fH°0(CH3CFCl2) - Eint (4)
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For enthalpy changes (∆H°) of three isodesmic reactions and
ionization energies (IE) of CH3CFCl2 and CH3CFCl, Table 2
lists resultant∆H° or IE, literature values34,35 of ∆fH°0 for
species relevant to calculations, and derived∆fH°0 for species
of interest.

In Table 2, the enthalpy change∆H° for the isodesmic
reaction

was calculated to be 2.0 kcal mol-1, consequently∆fH°0
(CH3CFCl2) ) -78.4 kcal mol-1 was derived using literature
values34,35 of ∆fH°0 for CH2ClCH2Cl, CF4, and CH4. Similarly,
we derive ∆fH°0(CH3CFCl2) ) -77.4 kcal mol-1 from an
isodesmic reaction in which calculated∆H° is -6.4 kcal mol-1.

The average value of-77.9 kcal mol-1 was used for∆fH°0
(CH3CFCl2). This value varies by only 1 kcal mol-1 from a
value of -76.93 kcal mol-1 derived with the ab initio BAC-
MP4 method37 and 0.5 kcal mol-1 from a value of-78.4 kcal
mol-1 estimated from interpolation of∆fH°298 of CH3CFxCl3-x

(x ) 0-3), as described above. In addition, IE of CH3CFCl2
was calculated to be 255.1 kcal mol-1, and accordingly∆fH°0
(CH3CFCl2

+) ) 177.2 kcal mol-1 was derived.
Also listed in Table 2, calculation on the isodesmic reaction

yields ∆H° ) -0.4 kcal mol-1. Combining this∆H° with
literature values34,35of ∆fH°0 for CH3CH2, CCl4, CF4, and CH4,
we derive ∆fH°0(CH3CFCl) ) -22.3 kcal mol-1. An IE of
173.8 kcal mol-1 for CH3CFCl was also calculated, then
∆fH°0(CH3CFCl+) was derived to be 151.5 kcal mol-1. This
value is near the experimental value of 149.0( 2.1 kcal mol-1

determined in this work.
Curtiss et al. made test calculations on dissociation energies,

IE, and electron affinities using G3, G3(MP2), and G3(MP3)
methods on 376 energies, and they found that the average
absolute deviations of calculated values from experimental
values are 1.07, 1.31, and 1.27 kcal mol-1, respectively.38 The
uncertainty associated with calculations on isodesmic reactions
is typically (1 kcal mol-1. Thus, our experimental value of
149.0( 2.1 kcal mol-1 for ∆fH°0(CH3CFCl+) agrees with the
theoretical value of 151.5 kcal mol-1.

3.4. Dissociative Photoionization of CH3CFCl2 To Form
CH3CFCl+ + Cl. Observation of only CH3CFCl+ with no
parent ion CH3CFCl2+ in the photoionization energy region
11.42-11.82 eV is consistent with the PIMS experiment. The
broadening of CH3CFCl+ TOF peaks in the coincidence spectra
is due to release of kinetic energy upon dissociative photoion-
ization of CH3CFCl2, as explained above. In an ideal case, a
single value for released kinetic energy and an isotropic
distribution would give rise to a square TOF profile when the
recoiling velocity of fragments is greater than that of a parent
ion. A Gaussian shape of TOF peaks would be observed when
the distribution of released kinetic energy is nearly Maxwellian
upon dissociation of an ion. Thus, observed nearly flat-top and
broadened TOF profiles imply that the distribution of kinetic
energy of CH3CFCl+ is narrow, characteristic of a repulsive
potential energy surface for the dissociation of CH3CFCl2+ into
CH3CFCl+.

TABLE 1: Half-Widths ( ∆thalf-width) of CH3CF35Cl+ and CH3CF37Cl+ TOF Peaks, Total Kinetic Energy Release (KET), and
Appearance Energy (AE) Measured at Five Photon Energies (PE) near the Appearance Onset of CH3CFCl+

CH3CF35Cl+ CH3CF37Cl+

PE/eV ∆thalf-width/ns KET/eV AE/eV ∆thalf-width/ns KET/eV AE/eV

11.42 99( 9 0.33( 0.05 11.09( 0.05 102( 9 0.35( 0.06 11.07( 0.06
11.52 112( 10 0.42( 0.07 11.10( 0.07 108( 12 0.39( 0.09 11.13( 0.09
11.62 123( 7 0.50( 0.07 11.12( 0.07 116( 13 0.44( 0.11 11.18( 0.11
11.72 138( 5 0.63( 0.04 11.09( 0.04 136( 8 0.61( 0.07 11.11( 0.07
11.82 144( 6 0.70( 0.05 11.12( 0.05 142( 7 0.67( 0.06 11.15( 0.06

Av. 11.10( 0.09 Av. 11.13( 0.16

Figure 3. Structures of CH3CFCl2, CH3CFCl2+, CH3CFCl, and CH3-
CFCl+ optimized with B3LYP/aug-cc-pVTZ method; results using
6-31+G(d) basis sets are listed in parentheses.

CH2ClCH2Cl + 1/4CF4 f CH3CFCl2 + 1/4CH4 (5)

C2H6 + 1/2CCl4 + 1/4CF4 f CH3CFCl2 + 3/4CH4 (6)

CH3CH2 + 1/4CCl4 + 1/4CF4 f CH3CFCl + 1/2CH4 (7)
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Figure 4 shows an energy diagram for dissociative photo-
ionization of CH3CFCl2 to form CH3CFCl+ + Cl based on
experimental and calculated results; calculated∆fH°0 or IE are
listed in parentheses. The experimentally determined thermo-
chemical threshold for CH3CFCl+ + Cl channel is 11.10( 0.09
eV (256.0( 2.1 kcal mol-1), and accordingly the energy of
this channel is 177.6 kcal mol-1 using ∆fH°0(Cl) ) 28.6 kcal
mol-1 and ∆fH°0(CH3CFCl2) ) -78.4 kcal mol-1. The theo-
retically predicted∆fH°0(CH3CFCl2

+) is 177.2 kcal mol-1. The
variation of 0.4 kcal mol-1 between energies of CH3CFCl2+

and CH3CFCl+ + Cl is smaller than uncertainties in experiments
and theoretical calculations. Hence, we conclude that the
dissociation process

is nearly thermoneutral.
Alternatively, the energy of CH3CFCl+ + Cl can be estimated

from ionization of CH3CFCl. Combining predicted values of
∆fH°0(CH3CFCl) ) -22.3 kcal mol-1, IE (CH3CFCl) ) 173.8
kcal mol-1, and ∆fH°0(Cl) ) 28.6 kcal mol-1, we obtain an
energy of 180.1 kcal mol-1 for CH3CFCl+ + Cl. This value is
greater than the value 177.6 kcal mol-1 by 2.5 kcal mol-1, but

still within possible error limits of experiments and calculations.
Both experimental and predicted values of the energy of CH3-
CFCl+ + Cl are slighter greater than 177.2 kcal mol-1 predicted
for ∆fH°0(CH3CFCl2

+), indicating that reaction 8 is perhaps
slightly endothermic.

An appearance onset of 11.33 eV (261.3 kcal mol-1) for CH3-
CFCl+, about 6.2 kcal mol-1 above the predicted IE of 255.1
kcal mol-1 for CH3CFCl2, was determined in the PIMS
experiments. According to calculations, geometries of CH3CFCl2
and CH3CFCl2+ differ significantly; C-Cl bond lengths of CH3-
CFCl2 and CH3CFCl2+ are 1.80 and 1.85 Å, and Cl-C-Cl
angles are 122.0° and 100.4°, respectively, as shown in Figure
3. Detection of a KET of 0.23 eV (5.3 kcal mol-1) at the
appearance onset of CH3CFCl+ and observation of only CH3-
CFCl+ with no CH3CFCl2+ also support that reaction 8 is nearly
thermoneutral or slightly endothermic, and that CH3CFCl2+,
produced immediately after CH3CFCl2 absorbs a VUV photon,
undergoes dissociation to form CH3CFCl+.

Similar phenomena were observed for SF6
+ and CF4+ by

Creasey et al. In these cases, the parent ions are virtually
undetectable because their ground states are repulsive and lie
above the lowest dissociation channel.39,40Creasey et al. found
that, for SF6+, excess energies above the dissociation threshold
are partitioned into translational energy and internal energy of
fragments via a direct and rapid dissociation path; for this reason
statistical methods cannot be applied to model the energy
distribution. Our observed nearly flat-top and broadened TOF
profiles are consistent with their observation.

4. Conclusions

With a threshold photoelectron photoion coincidence tech-
nique in pulsed mode, we investigated the formation of CH3-
CFCl+ upon photoionization of CH3CFCl2 at photon energies
near the appearance onset of CH3CFCl+. After correction of
maximal kinetic energy releases determined from half-widths
of CH3CF35Cl+ TOF peaks in coincidence spectra, we derive a
thermochemical threshold at 11.10( 0.09 eV for the CH3CFCl+

+ Cl channel, a maximal kinetic energy release of 0.23 eV at
the appearance onset of CH3CFCl+, and∆fH°0(CH3CFCl+) )
149.0( 2.1 kcal mol-1. Enthalpy changes of three isodesmic
reactions related to formation of CH3CFCl2 and CH3CFCl, and
ionization energies of CH3CFCl2 and CH3CFCl, were also
computed to derive heats of formation of CH3CFCl2, CH3CFCl,
and their corresponding cations; observed∆fH°0(CH3CFCl+)
agrees satisfactorily with calculation. An energy diagram is
constructed to rationalize the dissociative photoionization of
CH3CFCl2 near the threshold region. Dissociation of CH3CFCl2+

into CH3CFCl+ + Cl is nearly thermoneutral, perhaps slightly
endothermic; the excess energy in CH3CFCl2+ produced im-

TABLE 2: Ionization Energies (IE) of CH 3CFCl2 and CH3CFCl and Heats of Formation (∆fH°0) for CH 3CFCl2, CH3CFCl2+,
CH3CFCl, and CH3CFCl+ Derived from Calculations of Isodesmic Reactions Based on G3B3 Theory, and Literature Values of
∆fH°0 for Relevant Species

∆H° or IE literature∆fH°0 a derived∆fH°0 a

equations /kcal mol-1 species /kcal mol-1 species /kcal mol-1

1 CH2ClCH2Cl + 1/4 CF4 f CH3CFCl2 + 1/4 CH4 ∆H° ) 2.0 CH2ClCH2Cl -29 CH3CFCl2 -78.4
CF4 -221.6b

CH4 -16.0b

2 CH3CH3 + 1/2 CCl4 + 1/4 CF4 f CH3CFCl2 + 3/4 CH4 ∆H° ) -6.4 CH3CH3 -16.4 CH3CFCl2 -77.4
CCl4 -22.4b

3 CH3CH2 + 1/4 CCl4 + 1/4 CF4 f CH3CClF + 1/2 CH4 ∆H° ) -0.4 CH3CH2 31.1 CH3CFCl -22.3
4 CH3CFCl2 f CH3CFCl2+ + e- IE ) 255.1 CH3CFCl2 -77.9c CH3CFCl2+ 177.2
5 CH3CFCl f CH3CFCl+ + e- IE ) 173.8 CH3CFCl -22.3 CH3CFCl+ 151.5

a Reference 35, unless stated otherwise.b Reference 34.c An average value of∆fH°0(CH3CFCl2) from reactions 1 and 2 was used.

Figure 4. Schematic energy diagram for dissociative photoionization
of CH3CFCl2 to form CH3CFCl+ + Cl based on experimental and
calculated results; the values are in kcal mol-1, and calculated∆fH°0 or
IE are listed in parentheses.

CH3CFCl2
+ f CH3CFCl+ + Cl (8)
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mediately after photoionization facilitates dissociation, consistent
with lack of observation of CH3CFCl2+.
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